Rhodoterpenoids A-C (1-3), three new rearranged triterpenoids, together with one new biogenetically related compound, rhodoterpenoid D (4), were isolated and efficiently elucidated from Rhododendron latoucheae by high-performance liquid chromatography−mass spectrometry−solid-phase extraction−nuclear magnetic resonance (HPLC-MS-SPE-NMR). Compounds 1 and 2 possess an unprecedented skeleton with a 5/7/6/6/6-fused pentacyclic ring system, while compound 3 contains a unique 6/7/6/6/6-fused pentacyclic carbon backbone. Their structures were determined by extensive spectroscopic methods and electronic circular dichroism (ECD) analyses. 16, 17 . The previous work carried out by our group over the years led to the isolation of new active terpenoids from plants of the family Ericaceae 2-4, 18, 19 . Therefore, our research on this plant was mainly focused on the attractive terpenoids. A preliminary investigation of this plant indicated that the CH 2 Cl 2 -soluble fraction from Rhododendron latoucheae contained many minor triterpenoids that were extremely difficult to obtain by traditional methods of isolation. It is noteworthy that natural products have played an invaluable role in the drug discovery process, and the natural extracts contain many minor constituents, some of which have significant physiological and biological activity [20] [21] [22] [23] . Here, the application of the hyphenated technique of HPLC-MS-SPE-NMR 24, 25 , a method that makes the structural analysis of minor components of mixtures feasible, successfully overcame this challenge. Thus, through our further investigation of this plant for the identification of structurally unique and biologically interesting triterpenoids, rhodoterpenoids A-D (1-4) (Fig. 1) were isolated by the technology of HPLC-MS-SPE-NMR. Notably, compounds 1 and 2 possess an unprecedented skeleton having a 5/7/6/6/6-fused pentacyclic ring system, while compound 3 contains a unique 6/7/6/6/6-fused pentacyclic carbon backbone. In addition, the new compound 4 obtained from the title plant in the present study was a key precursor before the rearrangement of rings A and B to obtain compound 3. Herein, we report their isolation, structural elucidation, biological evaluation, and possible biogenetic pathways.
The Ericaceae plants have high values in aesthetics and medicine with worldwide distribution. They contain a wide range of chemical components such as flavones 1 , diterpenes [2] [3] [4] , triterpenes 5 , phenols 6 , coumarins 7 , and lignans 8, 9 which possess pharmacological activities that include anti-inflammatory 10 , analgesic [2] [3] [4] , anti-oxidant 11 , anti-bacterial 11 , anti-HIV 12 , immunity 13 , and cytotoxicity 14 properties. Rhododendron latoucheae Finet et Franch, a plant of the family Ericaceae, is mainly distributed in southern and southwestern mainland China. It has been historically used as a traditional folk medicine for its effects in eliminating phlegm, suppressing cough, activating blood and dissolving stasis 15 . To date, only two literature articles describing chemical investigations of this plant have been published, and mostly considered the phenols and iridoids 16, 17 . The previous work carried out by our group over the years led to the isolation of new active terpenoids from plants of the family Ericaceae 2-4, 18, 19 . Therefore, our research on this plant was mainly focused on the attractive terpenoids. A preliminary investigation of this plant indicated that the CH 2 Cl 2 -soluble fraction from Rhododendron latoucheae contained many minor triterpenoids that were extremely difficult to obtain by traditional methods of isolation. It is noteworthy that natural products have played an invaluable role in the drug discovery process, and the natural extracts contain many minor constituents, some of which have significant physiological and biological activity [20] [21] [22] [23] . Here, the application of the hyphenated technique of HPLC-MS-SPE-NMR 24, 25 , a method that makes the structural analysis of minor components of mixtures feasible, successfully overcame this challenge. Thus, through our further investigation of this plant for the identification of structurally unique and biologically interesting triterpenoids, rhodoterpenoids A-D (1-4) ( Fig. 1) were isolated by the technology of HPLC-MS-SPE-NMR. Notably, compounds 1 and 2 possess an unprecedented skeleton having a 5/7/6/6/6-fused pentacyclic ring system, while compound 3 contains a unique 6/7/6/6/6-fused pentacyclic carbon backbone. In addition, the new compound 4 obtained from the title plant in the present study was a key precursor before the rearrangement of rings A and B to obtain compound 3. Herein, we report their isolation, structural elucidation, biological evaluation, and possible biogenetic pathways.
Results and Discussion
Rhodoterpenoid A (1) was obtained as a white amorphous powder with the molecular formula C 30 -27) , and 1.32 (H 3 -26), two oxygen-bearing methines at δ H 4.04 (dd, J = 9.6 and 8.0 Hz, H-3) and 4.37 (dd, J = 10.9 and 3.7 Hz, H-7), and one olefinic proton at 5.78 (dd, J = 5.9 and 3.4 Hz, H-15). Its 13 C NMR spectrum (Table 3 and Figure S6 in the SI) and DEPT experiment revealed eight methyls, seven methylenes, seven methines (one olefinic and two oxygenated), and eight quaternary carbons (one olefinic, one oxygenated, and one ketone). These data suggested a pentacyclic structure and also a triol should be present in 1. The 1 H-1 H COSY spectrum ( Figure S9 in the SI) revealed the presence of the spin-coupling systems shown in bold in Fig. 2 . The HMBC correlations ( Figure S8 in the SI) from H 3 -23 to C-3, C-4, C-5, and C-24, from H-1 to C-2, C-5, and C-10, and from H-6a to C-1, C-5, and C-7 allowed the five-membered ring (ring A in Fig. 2 ) to be defined. Subsequently, the seven-membered ring B fused with ring A was deduced from the HMBC cross-peaks of H 3 -25 with C-8, C-9, C-10, and C-11, and of H 3 -26 with C-7, C-8, C-9, and C-14 ( Fig. 2) . Finally, the common six-membered rings C, D and E were indicated by the HMBC correlations from H-11a to C-8, C-12, C-13, and C-25, from H-15 to C-13, C-16, and C-17, from H 3 -27 to C-12, C-13, C-14, and C-18, from H 3 -28 to C-16, C-17, C-18, and C-22, from H 3 -29 to C-18 and C-20, and from H 3 -30 to C-19 and C-21 (Fig. 2) . Thus, the gross structure of rhodoterpenoid A was elucidated to be 1, which possesses a remarkable 5/7/6/6/6 pentacyclic skeleton. The relative configuration of 1 was elucidated by nuclear Overhauser effect (NOE) experiments ( Fig. 3 and Figure S10 in the SI Based on the above results, there were only two possible structures for 1, with absolute configurations of 1a
Thus, the electronic circular dichroism (ECD) spectra of 1a and its enantiomer 1b were calculated using TDDFT. The experimental ECD spectrum of 1 was in good agreement with the calculated ECD of 1a and was the opposite of 1b (Fig. 4A) , which suggested an absolute configuration of 1 S, 3 S, 5 S, 7 S, 8 S, 9 R, 13 S, 17 R, 18 R, 19 S and 20 R for compound 1. This absolute configuration of 1 was substantiated by the olefin octant rule (Fig. 4B) . The experimental ECD spectrum of 1 showed a positive Cotton effect near 200 nm, corresponding to the π → π* electronic transition of the Δ 14 double bond 26, 27 . Rhodoterpenoid B (2) was assigned a molecular formula C 30 H 46 O 5 on the basis of its (+)-HRESIMS data (Table 1) . A comparison of the 1 H and 13 C NMR data of 2 with those of 1 (Tables 2 and 3) revealed that they possessed the same carbon skeleton and implied a C-16 carbonyl in 2 instead of a methylene in 1 (C-16: δ C 208.9 for 2, δ C 42.9 for 1). This deduction was confirmed by the HMBC correlations ( Figure S18 The absolute configuration of compound 2, was established identical as that of 1 by the same procedure of ECD spectra calculation of both enantiomers. The experimental ECD spectrum of 2 agreed well with the one calculated for 2a (1 S, 3 S, 5 S, 7 S, 8 S, 9 R, 13 S, 17 S, 18 S, 19 S, 20 R) and was the opposite of 2b (Fig. 5A ). The absolute configuration of compound 2 was further substantiated by applying the helicity rule 28, 29 for the α,β-unsaturated ketone with a negative Cotton effect at 253 nm (Fig. 5B ).
Rhodoterpenoid C (3) was assigned a molecular formula of C 30 H 44 O 5 by its HRESIMS data ( Table 1) . The 1 H NMR spectrum of 3 ( Table 2 and Figure S25 in the SI) showed signals for two secondary methyls at δ H 1.06(d, (Table 3 and Figure S26 in the SI) and DEPT experiment disclosed eight methyls, four methylenes, nine methines (two olefinic and three oxygenated), and nine quaternary carbons (two olefinic and two ketones). Thus, compound 3 was also a pentacyclic triterpenoid and four aditional degrees of unsaturation described in the above data. , and C-10, and from H-6 to C-1, C-2, C-3, C-7, and C-8 allowed the six-membered carbon ring (ring A in Fig. 6 ) to be defined. Then, the seven-membered ring B sharing C-1, C-2, and C-10 with ring A was deduced from the HMBC cross-peaks of H-7 with C-9 and C-14 and of H-11 with C-8 and C-10 ( Fig. 6) . Finally, the common six-membered rings C, D and E were indicated by the HMBC correlations from H 3 -26 to C-8, C-13, C-14, and C-15, from H 3 -27 to C-12, C-13, C-14, and C-18, from H 3 -28 to C-16, C-17, C-18, and C-22, from H 3 -29 to C-18, and C-20, and from H 3 -30 to C-19, and C-21 (Fig. 6) . Therefore, the gross structure of rhodoterpenoid C was elucidated to be 3, which contains a unique 6/7/6/6/6-fused pentacyclic carbon backbone. The relative configuration of 3 was deduced from NOE experiments. The NOE correlations ( Fig. 6 and Figure S30 in As previously, there were only two possible structures for 3 (3a and 3b), and the absolute configuration was established via experimental and calculated ECD (after failed attempts to obtain a single crystal of 3). Again, the experimental ECD spectrum of 3 correlated fairly well with the calculated ECD of 3a and was the opposite of that of 3b (Fig. 7A) , which suggested an absolute configuration of 2 S, 6 R, 10 R, 13 S, 14 S, 15 R, 17 R, 18 R, 19 R, 20 S and 21 S for compound 3. The negative Cotton effect at 247 nm (Fig. 7B ) by applying the helicity rule for non-planar transoid dienes 30 further demonstrated this absolute configuration of 3. Rhodoterpenoid D (4) was assigned a molecular formula of C 30 H 44 O 3 by its HRESIMS data (Table 1) . Extensive analysis of 1D (Tables 2 and 3 ) and 2D NMR spectra revealed that 4 possessed a bauerene skeleton. The proposed structure of 4 was fully determined by its HSQC, 1 H− 1 H COSY, and HMBC spectra (Fig. 6) . The key NOE correlations (Fig. 6 ) of H-15/H 3 -27/H-21 confirmed that H-15 and H-21 were on the same side with a α-direction, and its absolute configuration was finally deduced as 10 R, 13 S, 14 S, 15 R, 17 R, 18 R, 19 R, 20 S and 21 S by applying the octant rule for the saturated ketone 31 . The plane projection of optimized conformation of 4 with the above absolute configuration on the rear octants showed the negative sign, which agreed well with the negative Cotton effect at 312 nm in the experimental ECD spectrum.
A plausible biogenetic pathway for rhodoterpenoids A-D (1-4) was proposed as shown in Fig. 8 . Rhodoterpenoids A-C (1-3) are novel rearranged triterpenoids that may be derived from α-amyrin, which is a common triterpene occurring in natural plant populations 32 . As shown, α-amyrin underwent several dehydrogenations, hydrogenations, oxidations, methyl shifts, ring-opening reactions by double-bond oxidation and cyclizations to afford compounds 1-3. It is noteworthy that the isolation of new compound 4, which was a key precursor before the rearrangement of rings A and B to obtain compound 3, rationalized the proposed biogenetic pathway for compound 3.
The compounds were tested for their anti-inflammatory and anti-virus activities, because some studies have shown that the pentacyclic triterpenoids have these activities [33] [34] [35] [36] . Compounds 1-4 were evaluated in vitro for anti-inflammatory activity using the measurement of the inhibition of lipopolysaccharide (LPS)-induced TNF-α production in RAW264.7 cells by enzyme-linked immunosorbent assay 37 with dexamethasone as a positive control. Compounds 2-4 showed relatively weak inhibitory effects, with inhibition of TNF-α production at 29%, 7.9% and 30%, respectively, at a concentration of 10 μM. Because of the scarce amounts obtained of compound 3, only compounds 1, 2 and 4 were tested for antiviral [herpes simplex virus-1 (HSV-1)] activity. Compounds 1 and 4 showed potential activity against HSV-1, with IC 50 values of 8.62 and 6.87 μM, respectively, and compound 2 was inactive ( Table 4) . The above data implied that replacement of the methylene at C-16 in 1 with a ketone carbon dramatically decreased anti-HSV-1 activity in 2.
In summary, four new triterpenoids, including two with an unprecedented 5/7/6/6/6-fused pentacyclic ring system and one with a unique 6/7/6/6/6-fused pentacyclic carbon backbone, were rapidly obtained and efficiently elucidated from Rhododendron latoucheae by HPLC-MS-SPE-NMR. Their absolute configurations were determined by ECD analyses combined with experimental rules [26] [27] [28] [29] [30] [31] after unsuccessful attempts to obtain single crystals of 1-3. It is significant that the minor novel compounds were isolated and efficiently elucidated by the hyphenated technique of HPLC-MS-SPE-NMR. These newly discovered compounds not only provide new challenges and opportunities for synthesis and biological evaluation but also prompt us to pay more attention to the triterpenes of the Ericaceae plants. 
Materials and Methods
General experimental procedures. Optical rotations were measured with a JASCO P-2000 automatic digital polarimeter. UV spectra were measured on a JASCO V650 spectrophotometer. CD spectra were recorded on a JASCO-815 CD spectrometer. IR spectra were measured on a Nicolet 5700 FT-IR microscope instrument. HPLC-MS-SPE-NMR were carried out by using a chromatographic separation system consisted of an Agilent 1260 series HPLC with an in-line solvent degasser, quaternary pump, auto-sampler, column compartment with thermostat, and a diode array detector. The chromatographic separation was carried out using a YMC-Pack Pro C 18 column (4.6 mm × 250 mm, 5μm), and the column temperature was maintained at 40 °C. ESIMS were performed using a Bruker micrOTOF-Q II, while NMR spectra were obtained on a Bruker AVANCE III HD 600 MHz spectrometer except for that the NOE spectra of compounds 1 and 4 were measured on an Agilent-NMR-vnmrs 600 spectrometer. Chemical shifts are given in δ (ppm) with the solvent (CD Methodology for ECD calculation and experimental rules of 1-3. Conformational analysis of 1-3 was performed using the MMFF94 molecular mechanics force field by MOE software and the conformers were optimized at B3LYP/6-31 G(d) level. The 50 lowest electronic transitions for the optimized conformations of 1-3 in MeOH were calculated using TDDFT method, and their theoretical ECD spectra were afforded by a Gaussian function with a half-bandwidth of 0.35 eV. The application of experimental rules for compounds 1-4 were based on their only optimized conformations obtained by the above method.
